Abstract. Paper presents design process of the prototype line, dedicated for production of fertilizer pellets from digestate-ash mixture. For enrichment of the nutritional characteristics of the final product additives were also used, like urea, elemental sulphur or phosphorite, and special fungal strains from Trichoderma spieces. During this process raw material will be dried (raw digestated), mixed, granulated and packed in one technological line. Presented concept, shows that there is possible to produce high quality fertilizer, from waste materials derrived form Green energy production, what should be one of very interesting ways to develop digestate and ash from biomass combustion.
Introduction
Production of the renewable energy, leads in many cases to waste production. The best examples of such technologies, are biomass combustion and biogas plants. In first case, there is produced ash, which could be reclaimed as valuable fertilizer. The Table 1 presents specific data of ash from biomass combustion On the other hand, biogas plants produces large quantities of solid digestate, which in case of fermentation of agricultural residues can be also treated as valuable source of nutrients for plants. In many cases such highly watered digestate is deposed directly to land fields, but this method has some important disadvantages. First of all, usually, fresh digestate emits large amounts of odours, what limits its usage near household. What is also important, in many countries, there are limits concerning amount of digestate dropped on the field during year. The last one of the cons is profitability of the transportation of raw digestate, which in many cases is limited up to 15 km from the place of production [1] .
Increase in energy share of biogas and biomass combustion, leads to higher amounts of this two waste-by-products, which needs to be processed in some way.
The aim of this paper is to present concept line design, capable of production of fertilizer mixture, with flexible composition. For the production will be used waste by-products form Renewable Energy production (ash form biomass combustion and solid digestate) with supplementation of sulphur, urea and phosphorite. What is also important to enhance assimilability of the nitrogen to the plants, part of digestate will be inculcated with special strains of Trichoderma [2, 3] . Increase in energy share of biogas and biomass combustion, leads to higher amounts of this two waste-by-products, which needs to be processed in some way [5] .
Design Methodology
The design process was based on selection of unit operation best equipment by means of Scoring Design Method and derived from it [6] [7] [8] . Concept provides analysis of each unit operation by means of several key factors, selected at the first stage of design. What is important, each factor is described by importance multiplier, usually in rage from 0 to 1. Then selection of each apparatus is made by means of scoring each of key factors (scale 0-20 points). Sum key factors score multiplied by importance coefficient, is used to rank devices (apparatus with the highest score are selected), and based on the highest score in each unit operation groups
Installation requirements
Based on experience from earlier research during project, which were aimed on assessment of physical properties of the materials used in production of this fertilizer mixture, several key boundaries conditions for design process were stated.
 For stationary production, the facility should be able to work in continuous regime, to assure high profitability of final product.  The installation capacity should be higher than 1Mg/h to provide profitable production  As a feedstock for production will be used dewatered digestate, with moisture content below 75%, will be stored in bulk under shelter or roofed site  The transport of the digestate to the infeed hopper of the dryer will be realised by multifunctional wheel loader, used also for other transportation procedures during production.  The hopper should have capacity which will be sufficient for 1h of production (approx. 2Mg of digestate).  The drying of the digestate, will be realized by means of drum or belt dryer.
 Additives: ash, elemental sulphur, urea and phosphorite will be delivered by tankers to silos located in the factory, the capacity of silos should be enough for 24h of continuous production.  Based on the research made in previous parts of the Grant, the digestate and ash mixture should be stabilised up to 3 hour before granulation  The composition of the fertilizer, should be flexible, as it will be set according to the current needs of market.  The installation should be capable of production two types of pellets -form mixture digestate, ash and additives, and form digestate incubated with Trichoderma, as this fungi will not survive in the mixture with ash (to high pH level).  The final mixture of pellets with and without ash should be prepared just before confection process.
Raw material description
Production of this type of fertilizer requires mixing of several raw materials of mineral and organic origin. That's why it was important during first stages of project to determine key quality parameters of this materials. The physical analysis of the raw materials used in pellet production are provided in Table 2 . 
Design presentation
Results of the design process were placed in the warehouse with dimensions 46x19m and 7 m high (no 25 on Figure 1 ). Precise visualisation is presented of Figure 1 . The nominal capacity of the whole line was set in the range 1.5 -1.7 Mg/h (depends upon composition of the fertilizer mixture).
Fig. 1. Complete digestate-ash to fertilizer line (description of numbers in text).

Preparation of raw materials
Drying of digestate
Granulation of the organic materials, requires specified condition, one of them is moisture content of raw materials, which usually should be in the range 20 -25 % to obtain satisfy quality product. As moisture content of the digestate could vary (even if it was initially dewatered), so there is need to take out the water excess by means of drying. In this case best solution (according to score method) is classic direct contact drum dryer (no 4). As source of drying agent (flue gases) biomass burner was selected (no 2) with 4.5 m 3 fuel tank (no 1). What is important, biomass combustion heater has a main advantage, as the ash produced during combustion, can be utilize on site, as feedstock for fertilizer production.
The heat output of the burner was estimated on approx. 1.5 MWth, and should be able to dry up to 2 Mg of digestate form moisture content 70 % to 30 %. Higher than range 20 -25 % humidity of the raw material is connected with mixing it before granulation with ash (dry material). As the hopper for the raw digestate (no 3) should be able to supply line for 1 hour of raw material, the volume to it should be approx. 6 m 3 . The fresh material will be supply to hopper by means of multifunctional loader. If the structure of the digestate requires fragmentation, the installation is equipped with hammer mill (no 6). When the digestate is free of big or fibrous particles, material after drying is transported directly to mixing stage. In other case movement of reversible belt conveyer transports the digestate to milling stage.
Storage of raw materials
The storage of the raw material is divided to two stages. In first are stored digestate, and digestate inoculated with Trichoderm. Both this processes are realized in roofed shelter, in case of Trichoderm there will be also polymer covers, to maintain best conditions for fungi. Both storage places should be equipped with waste effluent collection system, connected to waste water treatment facility. The second part of the raw material storage system, will be additives section: ash, sulphur, urea, phosphorite silos (no 8 and 9). For ash, as it share in the final product will be the highest thru all additives (up to 75 %), the total capacity of the ash silos were estimated on 67 m 3 , what should suffice for daily production of the most ash consuming mixture. The rest of the additives will be stored in 12 m 3 tanks. Supply of the materials will be realised by means of pneumatic transport form the tankers.
Raw material mixing
Preparation of accurate mixture is one of the key operations to achieve repeatable quality of the fertilizer. Continuous production requires high capacity of mixers, to supply production process. For this raw materials, best method seems to be double shaft mixer (no 10) with capacity up to 6 m 3 /h, mainly due to flexibility in raw material composition. After this operation mixture is transported to stabilization tank (no 11), with capacity 40 m 3 . Recommended stabilization period is 3 h.
Granulation and confection
Production of granules will made by means of flat die pellet press (no 12), with output capacity up to 2 Mg/h. What is important, characteristics of the materials requires special geometry of the die channels. After granulation fertilizer pellets are transported by belt conveyers (no 13) to cooler (no 14), and next there is separation (no 15), crushed pellets and loose parts are recycled and high quality granules are transported to selected storage container by reversible conveyer (no17). To first goes granules with digestate, ash and supplements (no 18), to second digestate with Trichoderm (no 19).
Mixture preparation and confection
Final mixture is prepared in batch type single shaft mixer (no 20), with precise dosing cells. After mixing (no 24), product is packed by means of fully automated bagging machine (no 21), or packed to the Big-Bags (no 22).
Process gas cleaning
The production of pellets usually is connected with production of high amount of dust, which should be recycled to the installation. To omit emission of fine particles to air, mostly all devices (when it is possible) works in the slight vacuum, and all air channels are connected to the dedusting system. For rough cleaning of air, cyclones (no 5) were used, with recycle of particles form dust hopper. At the end of installation, there is section of bag filters and fans (no 23), which are capable to separate smallest particles. From this stage, dust is also recycled to the process line.
